###### Strengths and limitations of this study

-   We observed the chronological trend of the French ultrasound birth defect screening programme.

-   We measured the detection rate of birth defects and the number of screening ultrasound per pregnancy.

-   We used two large data sources: national registries of birth defect and the national claims database.

-   We excluded birth defects detected by other methods.

-   There was no linkage between records of patients in the two data sources.

Introduction {#s1}
============

Congenital abnormalities occur in approximately 2% of all live births.[@R1] They are one of the leading causes of infant mortality and morbidity in industrialised countries.[@R2] Prenatal diagnosis of congenital abnormalities is a prerequisite for adequate prenatal counselling and management, and in the case of severe abnormalities without curative option it offers the possibility of termination of pregnancy for fetal abnormality (TOPFA).

In France, prenatal screening for the detection of fetal anomalies is organised by laws and guidelines which apply to both free-standing clinics and public or private hospitals. In addition, all physicians (obstetricians or radiologists) or midwives performing screening ultrasound (US) examinations are certified by a degree obtained after a specific initial training. Three US screening examinations are recommended in singleton pregnancies at 11--14 weeks', 20--25 weeks' and 30--35 weeks' gestation (WG).[@R5] Besides these US examinations, a first trimester combined test is offered to each pregnant woman for the evaluation of the risk for Down's syndrome.[@R6] When a fetal anomaly is suspected, patients are referred to specialised referral centres for further investigations.[@R7] There are 49 referral centres for prenatal diagnosis in France and its territories. The regional implementation of centres is determined by the number of births. TOFPA is authorised up to the end of the pregnancy, at the request of the mother, once two experts have certified the severity of the fetal anomaly.[@R8]

The French national health insurance covers the entire cost of the prenatal screening of fetal anomalies. However, the number of scans performed per pregnancy and its result in terms of prenatal detection rate for fetal anomalies have never, to our knowledge, been studied so far, while representing a significant amount of public resources either in France or in other countries.

Our objective was to assess the effectiveness of US prenatal screening for fetal anomalies by measuring the trend in the number of US examinations for the detection of fetal anomalies and the proportion of anomalies prenatally diagnosed between 2006 and 2014 in France.

Data and methods {#s2}
================

Data sources and patients {#s2a}
-------------------------

We used two data sources for our study. In order to identify trends in the average number of US examinations per pregnancy, we used the national claims database: the Système National d'Information Inter-Régimes de l'Assurance Maladie.[@R9] Our data source was the *Echantillon Généraliste des Bénéficiaires*, a permanent representative sample of 1/97 of the individuals covered by the French Health Insurance System.[@R10] This representative sample, however, does not allow region-specific analyses.

We used data for all women who had delivered between 2006 and 2014 in France. The claims database identifies each episode of care by a code. Codes used to identify US examinations performed during the pregnancy inform on the indication. We included scans for the detection of fetal anomalies (systematic first, second and third trimester US examinations) or scans for the monitoring of a known fetal anomaly, fetal echocardiography. These scans were performed either in free-standing or in hospital facilities (public or private).

Examinations with no relation to the prenatal detection of fetal anomalies (dating US examinations before 11 WG, US examinations for fetal growth monitoring including Doppler, fetal well-being evaluation) were used to describe the global trend in pregnancy-associated US examinations but excluded from the analysis of US screening for fetal anomalies. Other imaging procedures (MRI or tomodensitometric examination) were excluded. Because US examinations performed in public hospitals between 2006 and 2009 were not recorded, we applied to hospital scans the same rate of increase as observed in private hospitals and free-standing imaging clinics.

As in almost all European countries, there is no national registry of congenital anomalies in France. To assess the trends in the probability of prenatal detection of congenital anomalies, we used data from three French regional registries of birth defects. These public organisations identify cases with congenital anomalies over a predefined area (usually an administrative region). We included three registries---Auvergne, Paris and La Reunion, all members of EUROCAT, the European network for registries of birth defects[@R11]---and used the standards recommended for this purpose. We included the population of women who gave birth (live birth or fetal loss after 20 WG) or following a TOFPA in the areas covered by these three registries during the study period (2006--2014). We excluded women who were not residents of those areas. A case was defined as a fetus with at least one abnormality whatever the pregnancy outcome was. Fetal anomalies were the ones listed by EUROCAT (which excludes some minor abnormalities with very low medical or aesthetic impact).[@R12] In each case, we systematically extracted the time (prenatal or postnatal) of detection and the type of procedure which led to the detection (US examination, first trimester screening for fetal aneuploidy using maternal blood test, invasive procedures). As the aim of our study was to identify the contribution of US examination on detection of fetal anomalies, other modalities leading to a prenatal diagnosis of fetal anomalies, that is, specific Down's syndrome screening, were excluded (estimated risk ≥1/250). However, cases associated with a nuchal translucency measurement above the 99th centile or a cervical cystic hygroma were included, as they were considered to be the result of the first US examination since a nuchal translucency above 99th centile led to an estimated risk ≥1/250 whatever the results of maternal biochemical markers.[@R13]

Pooling the data of the three registries, the overall detection rate was defined as the ratio of the number of cases detected prenatally (positive screening) to the total number of cases per year. The screening was considered positive if the fetal anomaly was suspected by US during the pregnancy regardless of the precise diagnosis after birth. For multiple abnormalities, the screening was considered positive if at least one had been detected prenatally. The detection rate was also calculated in a secondary analysis for the two subgroups of cases with and without chromosomal anomalies.

We used linear regression to analyse trends in resource use (average number of US exams) and logistic regression to analyse trends in the odds of prenatal detection over time. All analyses were conducted using Stata V.14.0.

Results {#s3}
=======

Prenatal detection rate of fetal anomalies {#s3a}
------------------------------------------

We included 15 989 cases of fetal anomalies (average: 1777 per year \[range: 1661--1869\]) from the registries between 2006 and 2014. These registries covered an average of 54 907 annual births (range: 53 422--55 977), representing 6%--7% of the total number of births in France. The prevalence of birth defects during the study period was 3.2% and was fairly stable.

Overall, 18% of the cases were associated with a chromosomal anomaly. The most common chromosomal anomaly was Down's syndrome (54.4%). In cases not associated with chromosomal anomalies, 82% were isolated malformations. Outcomes of pregnancies in cases with isolated malformations were a live birth in 88.1%, a TOPFA in 10.8% and a fetal loss in 1.1% of cases. TOPFA and fetal loss were more frequent in cases with multiple malformations (33.1% and 3.1%, respectively). For cases with chromosomal anomalies, pregnancy outcomes were live birth in 20.5%, TOPFA in 77.1% and fetal loss in 2.4%. Of the cases, 1062 (6.7%) were excluded from the calculation of the detection rate because they were related to other modalities of detection than US (mostly the first trimester combined test, less frequently another biological test or a systematic invasive test).

The overall prenatal detection rate (including cases with and without chromosomal anomalies) of US screening in the study period was 57.0%, ranging from 53.9% to 58.7% ([table 1](#T1){ref-type="table"}). Consequently, 43% of cases were detected postnatally. The detection rate was substantially higher for cases associated with chromosomal anomalies, with a mean value of 91.2% (range: 88.4%--93.2%). The detection rate for cases without chromosomal anomalies ranged from 48.2% to 53.4%, and was higher in cases of multiple anomalies (70.4%) than in cases with an isolated anomaly (47.8%). The logistic regression found a decreasing trend for the overall prenatal detection rate during the study period (OR=0.985, 95% CI 0.972 to 0.997, p=0.015). [Figure 1](#F1){ref-type="fig"} represents this trend using moving averages (2-year period).

![Evolution of the overall ultrasound prenatal detection rate of birth defects during the study period using moving averages (2-year period).](bmjopen-2018-025482f01){#F1}

###### 

Fetal malformation detection rate between 2006 and 2014 by ultrasound screening

            Overall detection rate (%)   Detection rate for cases without chromosomal abnormalities (%)   Detection rate for cases with chromosomal abnormalities (%)
  --------- ---------------------------- ---------------------------------------------------------------- -------------------------------------------------------------
  2006      58.2                         52.2                                                             91.3
  2007      57.9                         52.3                                                             90.9
  2008      58.7                         52.6                                                             93.2
  2009      57.2                         51.9                                                             88.4
  2010      57.2                         52.4                                                             92.3
  2011      57.8                         53.4                                                             90.5
  2012      53.9                         48.2                                                             90.2
  2013      57.3                         52.8                                                             93.2
  2014      55.2                         50.2                                                             90.9
  P value   0.015                        0.170                                                            0.975

P values for b-logit tests of the detection rate by year.

Resources leveraged for the US screening for fetal anomalies {#s3b}
------------------------------------------------------------

In the 1/97 sample of the national claims database, we identified between 5888 and 6882 deliveries per year (0.7%--0.8% of the total national number of deliveries). The mean maternal age in our sample was similar to the age observed in the national database (source: INSEE[@R16]). In 2014, an average of 4.08 US examinations were performed per pregnancy, for screening and other indications, compared with 3.78 in 2010. [Table 2](#T2){ref-type="table"} shows the trend in the number of US examinations for the screening of fetal anomalies per pregnancy only. Between 2006 and 2014, we found an increase from 2.47 to 2.98 per pregnancy (+20.6%; p=0.005). We observed an increase of all types of US examinations, especially for the surveillance of fetal anomalies, which went up almost threefold during this period. The number of US examinations unrelated to the screening of fetal anomalies increased from 0.90 to 1.10 per pregnancy between 2010 and 2014, with an increase of 18% for dating US and of 26% of US examinations performed for fetal growth surveillance. The average number of invasive procedures related to US screening was stable during the study period, with an incidence of 0.015 per pregnancy.

###### 

Number of screening ultrasound examinations per pregnancy between 2006 and 2014

  Procedures      2006   2007   2008   2009   2010   2011   2012   2013   2014   P value
  --------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ---------
  T1 ultrasound   0.73   0.79   0.92   0.88   0.89   0.89   0.87   0.88   0.88   0.102
  T2 ultrasound   0.84   0.80   0.96   0.92   0.94   0.95   0.94   0.95   0.95   0.033
  T3 ultrasound   0.82   0.74   0.89   0.85   0.88   0.87   0.87   0.89   0.87   0.102
  Surveillance    0.07   0.11   0.11   0.13   0.14   0.17   0.18   0.24   0.26   0.003
  Fetal heart     0.01   0.02   0.01   0.02   0.02   0.02   0.02   0.02   0.03   \<0.001
  Total           2.47   2.45   2.89   2.79   2.87   2.90   2.89   2.98   2.98   0.005

P values for simple linear regression of the number of procedures per pregnancy by year.

T1, first trimester; T2, second trimester; T3, third trimester.

We analysed the trends for the three subgroups defined by the number of scans performed per pregnancy: ≥4, 3 or ≤2. The trend in each subgroup is presented in [figure 2](#F2){ref-type="fig"}. The percentage of women with ≥4 US examinations increased between 2010 and 2014 (+4.6%), while those monitored according to the guidelines, that is, three US examinations, decreased by 6%. Moreover, the proportion of women with fewer than three examinations than recommended by the guidelines remained stable.

![Proportion of screening ultrasound examinations performed during pregnancy in three subgroups: group A, three ultrasound examinations (thin line); group B, two or less ultrasound examinations (bold line); and group C, four or more ultrasound examinations (dotted line).](bmjopen-2018-025482f02){#F2}

Discussion {#s4}
==========

Using population-based data in France, we found that the average number of US examinations for the detection of fetal anomalies increased over the period between 2006 and 2014, whereas the proportion of cases that were prenatally detected did not. The average number of scans increased from 2.47 to 2.98 per pregnancy during the study period, whereas the overall proportion of fetal anomalies detected prenatally was approximately 60% and remained essentially stable over time. These results suggest that the increase in the use of resources for prenatal detection of congenital anomalies by US did not match the increase in the proportion of congenital anomalies that were prenatally detected by US.

Our findings do not preclude that the proportion of cases that were prenatally diagnosed for some specific anomalies might have increased over time. However, given the essentially constant overall proportion of cases that were prenatally diagnosed, any such improvements must have been restricted to a limited number of anomalies and would have been relatively small in magnitude.

The 60% detection rate pertained to US only. Consequently, cases detected by other modalities were not taken into account (mostly the first trimester combined test with nuchal translucency (NT) \<99th), representing an additional 7% of cases each year. Therefore, the global detection rate including all modalities of prenatal detection is expected to be slightly higher. US screening is highly effective in detecting malformations associated with chromosomal anomalies, with an average detection rate of 90.8%. Two-thirds of these cases were detected at first trimester US examination. This is of importance because in these cases most of the patients opt for TOPFA, which in return reduces the maternal morbidity when performed in the earlier stage of pregnancy.

The stability of the detection rate of fetal anomalies that we observed contrasts with the continuous increase (+20.6%) of the number of US examinations performed between 2006 and 2014. This increase did not benefit all women. Indeed, it occurred almost only in the subgroup of women benefiting from four or more US examinations per pregnancy. This observation corresponds with the results of the French National Perinatal Survey, which reported an increase in the average number of US examinations performed per pregnancy from 4.0 in 1995 to 5.0 in 2010 and 5.5 in 2016 (+10%).[@R17] Similarly, we observed an increase of 8.2% between 2010 and 2014, considering all categories of US examinations. Additionally, in the French National Perinatal Survey, the proportion of women on whom more than six US examinations were performed during their pregnancy increased from 15.8% in 1995 to 35.9% in 2016. In parallel, the proportion of pregnant women with three US examinations decreased from 40.4% in 2003 to 24.3% in 2016. This survey is based on self-reported data, which makes it almost impossible to know what kind of US examination was performed. In our study, the database only contained codes used by care providers to record US examinations, and no other clinical information or the precise indications for these examinations.

Previous studies have reported the trends in the prenatal detection rate of fetal anomalies with slightly different detection rates on specific abnormalities among European regions enrolled in the EUROCAT network.[@R18] One of our strengths is that we combined data from different registries to estimate the global prenatal detection rate in France. Additionally, our study focused on the contribution of US alone, whereas other studies usually include all the modalities of detection of fetal anomalies, which makes it difficult to identify the contribution of US as the specific screening for aneuploidies is in constant evolution (from sequential to combined test, to non-invasive testing using cell-free DNA in the maternal plasma).

Our study had limitations and caveats. One is related to the lack of exact correspondence between the study population used for identifying trends in resource use (number of US examinations) versus the study population for assessing trends in the effectiveness of prenatal detection (proportion of cases prenatally detected). It is possible that the trends in resource use might be different for the subsample of the French population that resided in the catchment areas of the three registries. However, we have neither a priori reasons nor empirical evidence to suggest that this should be the case. Moreover, the prenatal diagnosis practices and policies are mainly decided at the national level. Hence, we do not believe that this lack of exact correspondence between our study populations for assessing trends in resource use versus effectiveness could have biased our results in one way or another.

Due to a modification in the calculation of the hospital's funding between 2006 and 2009, the number of US examinations performed during this period in public hospitals was not recorded and had to be estimated. However, we have no reason to think there were differences between private and public providers during this period. In addition, public hospitals account for less than 20% of US examinations, thus limiting a potential bias resulting from the estimation we have made for this period.

The development of US screening and its widespread use in France during the 1980s led to a significant improvement in the prenatal detection rate of fetal anomalies. However, stagnation was observed from 2000s.[@R25] Our results confirm that stagnation in the detection rate. In parallel, we observed a significant increase in the number of US examinations performed. In addition, we observed that this increase did not benefit all women. Conversely, the increase was even more pronounced in the subgroup of women receiving more than recommended. The ecological design of our study limits the interpretation of the observed trends. However, the trend indicated a further increase in inequality of care for the surveillance of pregnant women. Although these results cannot be easily mapped to other countries, this study should stimulate similar analyses in other countries where a systematic screening of fetal anomalies using US is organised.

Conclusions {#s5}
===========

Our study has shown that even though the number of US examinations per pregnancy increased over time, the prenatal detection rate of fetal anomalies has not increased in recent years. These data suggest that there is a need to implement policies to improve the efficacy of US examination for prenatal diagnosis of congenital anomalies, including more high-quality training programmes.
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======================
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